Potential approaches for drug delivery to the brain: past, present, and future.
The objective of this article is to provide the reader with an update on some research highlights from the past to the present, as well as future possibilities to achieve improved delivery of drugs across the blood-brain barrier (BBB). In the past, dye studies confirmed the presence of the BBB and blood-cerebrospinal fluid barriers, which seem to play a major role in transporting drug molecules for the treatment of life-threatening diseases such as brain cancer and Alzheimer's. Presently, transportation mechanisms such as simple diffusion, carrier-mediated, absorptive-mediated, and receptor-mediated transcytosis are extensively used for BBB uptake of drug molecules. The spectrum of future neuropharmaceuticals falling into these categories ranges from peptides to nucleotide-based drugs as well as gene and stem cell delivery agents, and is increasing at a rapid rate with promising results. There has also been considerable progress in the development of quantitative methods to examine BBB permeability in humans and animals. Currently, intravenous administration and in situ brain perfusion techniques are the most versatile and sensitive methods to measure transport into the brain. This article also reviews the various methodologies available for assessing the transfer of drug molecules undergoing significant uptake through the BBB in vivo.